Introduction
Understanding of the HIV incidence history is of paramount importance in the fight against HIV/AIDS. How resources are allocated and intervention programs are evaluated depend on the number of new HIV infections that contributes to the total number of persons living with HIV and is a potential source of further transmission. Unfortunately, it is difficult to measure the incidence patterns directly in a large group of population, especially at the national scale, due to ethical and practical reasons [1] .
As a consequence, a statistical approach known as 'backcalculation' was developed. Since its first introduction in 1986, it has been extensively used worldwide as a tool for reconstructing a past pattern of HIV incidence based on AIDS surveillance data on the basis of the natural history [2] . The unveiled past HIV incidence then has played an important role in HIV/AIDS strategic planning, whereas a capability of short-term projections of new AIDS cases allows us to propose suitable solutions for the forthcoming situations.
Nonetheless, application of the backcalculation method in Thailand has been extremely uncommon. A search through the online biomedical literature database, PubMed, from 1980 through the end of 2008 using Thai with either HIVor AIDS and either backcalculation, back-calculation, backprojection, or back-projection as keywords, revealed no relevant study. For this reason, we took this opportunity to address the gap by adopting the nonparametric version of the backcalculation method originally proposed by Becker et al. [3] . This study aimed at reconstructing national HIV incidence patterns and related products, from 1980 to 2011, regarding the entire infected Thai population excluding the pediatric cases.
Methods
Under the assumptions that HIV incidence is the independent Poisson variable and the probability distribution of AIDS incubation period is known from external studies, the nonparametric backcalculation with the smoothed EM algorithm was utilized to estimate the past incidence of HIV infection from the observed new AIDS counts over time [3] . In Thailand, the Bureau of Epidemiology (BOE), responsible for regularly reporting the HIV/AIDS surveillance data since 1983, reported the first AIDS case in Thailand as early as 1984 and thousands more since then [4] . Most AIDS case definitions for surveillance purposes went in accordance with the USCDC. The BOE expanded the definition in 1993 to include cases with CD4 þ cell count of less than 200 cells/ml and the currently used case definition has been effective since October 2003.
We acquired as much data as possible which were a set of 100 quarterly observed AIDS counts from the first quarter (Q1) of 1984 to the fourth quarter (Q4) of 2008, reported in early 2009. The Q1/1980 was selected as the time origin because the first infection must be traced back to some time earlier before the report of the first AIDS case. Infection intensity before the time origin was presumed zero [3, 5] . As primary input for the backcalculation procedure, a set of observed AIDS incidence data was preliminarily adjusted to enhance the accuracy (Table 1 ). All numbers reported from 2000 onward were multiplied by the weight 1.5 to adjust for unreported cases [6, 7] . Due to the inferiority of the earlier surveillance systems, the weight was assumed to increase by 0.25 every 5 years backward until reaching 2.5 in 1980-1984. For cases that meet the surveillance case definition but have neither been diagnosed by physicians nor included in the reporting system, we applied constantly over time the weight 1.5, as an average of those suggested by studies in other regions [8, 9] . In order to account for cases that are expected to be detected in the future whose onset of AIDS actually dates back to the recent past, weights of 2.2, 1.13, 1.04, 1.02, and 1.01 were applied to reported numbers of the first to the fifth, respectively, of the last 5 elapsed years. These weights were obtained by reviewing the preceding AIDS case growth patterns in Thailand.
In addition to the HIV incidence estimates, we also backcalculated the number of people living with HIV/ AIDS and the corresponding prevalence rates over time, with the aid of the information on AIDS mortality [10, 11] and the total number of general populations [12, 13] . The associated ranges assumed a 10% increase and a 15% decrease per year in the number of new AIDS cases for the next 5 years (2009-2013) for upper and lower limits, respectively. Prospect AIDS incidence was predicted with an extension to cover the period of 2009-2011 using four different preidentified scenarios: 1000, 3000, 5000, and 7000 newly infected cases per quarter across the recent past and prediction period, as low, medium, high, and extreme infection intensity patterns. Cumulative weights are the product of all weights in each row. Multiplying the cumulative weights by observed numbers of AIDS incidence in the corresponding diagnosis quarters yields adjusted numbers of AIDS incidence.
AIDS
The estimated median AIDS incubation period is 7 years for Thai population who seroconverted at 21-23 years of age without antiretroviral therapy (ART) before AIDS [14] . Progression rates are generally described by the Weibull distribution [15, 16] , and in this case, we chose a shape parameter of 2.3 for all subgroups as was suggested by the meta-analysis study [17] . Age at seroconversion was known to have effects on the natural history and the hazard of AIDS of 1.34 per a 10-year increase in seroconverted age was used to represent such impacts [18, 19] based on the age group of 15-24 years who has a median of 7 years. Consequently, the median time for population aged less than 15 (7.9 years) was slightly longer than the baseline whereas shorter time was assigned to the other two groups aged 25-34 (6.2 years) and more than 34 (5.4 years). The age distribution was 5, 60, 30, and 5% from the youngest to oldest groups.
Changes in the AIDS natural history caused by the ART depend on treatment regimens. Patients treated with monotherapy had an estimated 50% decrease in the hazard of developing AIDS [20, 21] , whereas dual therapy and highly active antiretroviral therapy (HAART) provided even more hazard reduction [22] . Accordingly, we adopted hazard factors of 0.5, 0.375, and 0.25 for monotherapy, dual therapy, and HAART, respectively, in contrast to antiretroviral-naive patients. The coverage of ART in HIV-infected individuals before being diagnosed with AIDS was presumably improved from less than 3% during 1980-2004 to 4% in 2005 and kept increasing by 2% each year afterward. Both age and ART effects were integrated into the model through the mixture of timedependent incubation period distributions; see the replacement of formula (3a) in [3] and page 87 of Brookmeyer and Gail [23] for more details. To evaluate sources of uncertainty, we conducted the sensitivity analyses of four main factors [15, 24] , that is, data adjustments, effects of seroconversion age and ART, median incubation periods, and incubation period distributions. All analyses were performed using the R language (version 2.7.2 for Windows; R project, 2008).
Results
As of 2008, a total of 330 135 AIDS cases had been reported by Thailand's national surveillance system. After data adjustments, AIDS counts increased 153% to 835 860 cases with the highest number of 19 693 cases in Q1/1999 (Fig. 1 ). These adjusted data were then used as the sole basis for all results presented further herein.
By backcalculating the adjusted AIDS incidence curve, we derived the past HIV incidence curve, which increased sharply from 1988 to 1992 with its peak of just above 30 000 new infections (Fig. 2a) . The fall afterward was discontinued by the second surge which began in 1997 and reached the highest figure of almost 11 000 cases in Q4/1999. The infection curve then gradually decreased and converged to an estimate of 5000 new infections per quarter, reported by the UNDP [25] . Around the end of the timeline, the wide range was found demonstrating low precision of the estimates as for times approaching the present [3, 5] .
Approximately 1 million cumulative HIV infections were estimated up until the end of 2008, and about half of that are living with HIV/AIDS (Fig. 2b) . The highest rates were nearly 0.4% during 1992 for the incidence and almost 1.6% in 1994 for the prevalence in adult aged 15 -49 years (Fig. 2c) . A plateau was reached after 2003 as a steady HIV incidence figure set in and the number of general population remained considerably unchanged. From 2009 to 2011, all patterns in the new AIDS cases prediction consistently depicted the continuity in the decline of AIDS incidence but at diverse magnitudes. The total number of cases in 3-year period varied between 66 500 and 94 400 across scenarios ( Table 2 ).
The first sensitivity analysis (Fig. 3a) showed that, under the observed AIDS incidence data, the infection curve had a sole ascent, and adding only the future case adjustment resulted in the second bump. Obviously, a 50% reduction of under-reporting and undiagnosis effects led to a lower number of new infections over time than did the full adjustments, although both curves were similar in shape. In terms of the cofactor effects (Fig. 3b) , analogies among all curves were found in most aspects including the first peak and estimated overall infections. The slightly elevated bumps of curves dominated by the effects of age at seroconversion appeared to be the only differentiating characteristic. Next, a longer median incubation time clearly contributed to a smaller second increase while providing a larger number of total infections and a higher earliest peak (Fig. 3c) . Finally, for the incubation period distributions (Fig. 3d ), variations were visibly expressed from early 1990s onward. In particular, the discernable difference in peaks and curve shapes occurred between Weibull and the other two models. The totals estimated to be infected with HIV were highest in the log-logistic model, followed by the gamma and the Weibull models, in that order.
Discussion
By means of nonparametric backcalculation, our HIV incidence estimates demonstrated two consecutive epidemic outbreaks in Thailand. The first infection peak was HIV/AIDS in Thailand by backcalculation Punyacharoensin and Viwatwongkasem 1147 Each pattern was applied under the assumption that the infection intensity had been constant since it reached a preidentified level and remain at this level until the end of the prediction period. in the early 1990s, similar to that in many countries around the world [26] . The need for new prevention programs increased as the number of newly HIVinfected individuals rose. The 100% Condom Program, as a result, was implemented throughout the country by 1992, with around 60 million condoms provided free of charge by the government [25] . This initiative was found to swiftly and significantly reduce transmission nationwide and eventually put an end to the first phase of HIV outbreak [27] .
Despite the earlier success of HIV prevention efforts, the backcalculation showed that another rise of infections set in and caused 60 000 excess infections during the turn of the century. In order to provide justification, we considered situations at the national level and found that the second HIV surge may be attributed to the major economic crisis in Thailand. The collapse started in July 1997 with a substantial decrease in government revenue. Several projects were either downscaled or suspended, and HIV/AIDS programs were not an exception. Domestic HIV/AIDS funding fell from almost 2.2 billion Baht in 1997 to less than 1.5 billion Baht during 1998-2000 [28] . HIV prevention schemes, for example, support for free condoms and implementation of universal precautions, suffered greatly from the cut that took away more than half of the pre-1997 budget [25] . Such depression strengthened the evidence for a larger scale of infection intensity that was magnified well beyond the scope previously expected in the absence of a severe economic downturn.
As an alternative to the projection study [29] which has been officially used to support Thailand's HIV/AIDS programs, this study provided a similar infection curve before the mid-1990s; however, the second bump is unique and has never been confirmed before. The use of an average incubation period of 10 years in the official study compared with 7 years in our study might be one of the main reasons behind such inconsistency. Another potential source is the differences in the utilized computational mechanisms. The projection study attempted to emulate the key processes that cause HIV transmission in a community based on probabilities of further transmission and parameters relating to risky behavior within different populations. By contrast, the nonparametric backcalculation uses a smoothed EM algorithm to determine past HIV incidence estimates that sensibly explain history of AIDS incidence on the basis of incubation period distributions regardless of HIV-related behavior changes over time. As demonstrated by the simulation study [30] , this reflects that the backcalculated estimates are presumably less likely to be contaminated by artifacts introduced by behavioral assumptions.
In addition, we found that the trends of new HIV seropositivity in two of the largest health facilities in Thailand, Siriraj Hospital [31] and Thanyarak Institute on Drug Abuse [32] , were unexpectedly similar to our study. Principally, all showed an increase in new HIV infections during 1997-2000. The seroprevalence surveys nationwide [33] also reported growing prevalence of infection among female sex workers, male attendees at government STD clinics, and pregnant women throughout the late 1990s. As the prevalence study was repeatedly conducted on the same population groups and reported every calendar year, an elevation in the prevalence rates could signal an increase in the incidence rates.
Our related estimates are moderately smaller than those from other reports nonetheless. For instance, UNAIDS estimated that at the end of 2007, the number of adults living with HIV was 600 000 [34] in contrast to 430 000 from this study. More than 1 million total HIV infections have been reported since 2003 [25] , whereas our estimates required an extra 5-year period to reach the certain level. This is possibly because the backcalculation does not take into account deaths before qualifying as AIDS and adjustments for under-reporting and undiagnosis were rather optimistic [35] .
On the per-capita basis, it is estimated that between 2001 and 2007, the HIV prevalence rate among Thai population aged 15-49 years fell from 1.7% to 1.4% [34] , relatively higher than a range of 1.1-1.3% estimated by our backcalculation model. The incidence rate over time, on the contrary, is not generally available. Although this study is among the first that have provided a complete array of the essential indicator, we cannot be very confident about the level of HIV incidence in the last few years. Infection rates from mid-2000s onward can fluctuate vastly from a fixed value, and it is difficult to pinpoint that until more up-to-date surveillance data are made available. Thus, the backcalculation should be perceived as meaningful conditional scenarios rather than as absolute forecasts [16] .
It is apparent from the sensitivity analyses that, first, the preliminary data adjustment is one of the major sources of uncertainty as demonstrated by a wide disparity of estimates among different settings. Here, the first HIV incidence peak became greater as a result of adjustment for under-reporting which was emphasized at an early era. The remaining period showing another elevation of incidence was to some extent attributable to the adjustment for future cases at the recent period. This suggests the importance of data accuracy and completeness to guarantee the reliability of the backcalculation. A full assessment of the national AIDS surveillance systems is encouraged and anticipated to be conducted on a regular basis, even though it could be quite elaborate. It is interesting to see how results will be influenced by the achievement of this need. Second, the incubation period has proved to be a significant factor in HIV/AIDS modeling. Assuming that the gap of time between HIV and AIDS is broader than what we expected, the backcalculated total infections will be too low as a longer incubation time allows more HIV-infected individuals to live in the AIDS-free period. This also played a part in heightening the first peak and leveling the subsequent incidence bump because dates of first infections are likely to be distributed across distant past with stronger possibility. From the methodological standpoint, the idea of the second wave of rapidly expanding infections is somewhat arguable particularly in terms of decisive parameters and further investigation would therefore be necessary to gain an insight into this regard. Finally, the effects of ARV on our estimates were considered minor for a reason. It has always been the Thai government's main concern to provide low-cost ART for individuals with advanced HIV disease [36] . However, few have had appropriate treatments soon enough to delay the onset of AIDS. Thus far, medical interventions might have not been highly beneficial to new infections in Thailand [37] . Nevertheless, in situations other than the present context, perhaps in the near future when the coverage of treatments is extended to reach all subgroups, taking into consideration the ART effects might produce significant impacts, and failure to do so could adversely affect the accuracy of the estimates.
